[(4,4ʹ-dimethoxy-2,2ʹ-bipyridine) 2 Cu](PF 6 ) (5): To a 20 mL scintillation vial charged with a stir bar and 5 mL THF was added solid 3 (98.3 mg, 264 mmol). With stirring, two equivalents of 4,4ʹ-dimethoxy-2,2ʹ-bipyridine (118 mg, 547 mmol) were added as a solid, immediately forming an orange precipitate. The solution was allowed to stir for 10 minutes before collecting the precipitate on a fritted glass funnel. The orange solid (162 mg, 96%) was washed with THF and pentane, then dried under vacuum. 1 (9, 560) .
[(2-(2-pyridyl)-1,8-naphthyridine) 2 Cu)](PF 6 ) (6): To a 20 mL scintillation vial charged with a stir bar and 5 mL THF was added solid 3 (112 mg, 301 mmol). With stirring, two equivalents of (2-(2-pyridyl)-1,8-naphthyridine (126 mg, 607 mmol) were added as a solid, immediately forming a purple precipitate. The solution was allowed to stir for 10 minutes before collecting the precipitate on a fritted glass funnel. The purple solid (176 mg, 94%) was washed with THF and pentane, then dried under vacuum. 1 (8, 970 ).
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Figure S1. Electronic absorption spectra of 5 and 6 in acetonitrile. Figure S4 . 1 H NMR spectrum of 6 in CD 2 Cl 2 . The peaks at 3.68 and 1.82 ppm correspond to THF. The peaks at 1.26 and 0.88 ppm correspond to pentane. The peak at 5.32 ppm is the solvent residual peak arising from CH 2 Cl 2 . ! S7 Figure S5 . MALDI-MS spectrum of 6 prepared in a dithranol matrix.
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X-ray Sample Preparation:
Samples were prepared as ~10 mM solutions in MiteGen MicroRT tubes and kept frozen in liquid N 2 until data collection. During data collection the samples were kept at a temperature of ~170 K using a stream of cold N 2 gas. Temperature was monitored with a diode at the base of the sample holder.
For the Cu/TEMPO catalytic cycle, the procedure outlined by Stahl et al. was followed. 8 To a solution of benzyl alcohol (20 eq.) in acetonitrile in a test tube with a stir bar was added 2,2ʹ-bipyridine (1 eq.), 3 (1 eq.), and TEMPO (1 eq.) as solids under ambient conditions. Once all components had dissolved, a 100 µL sample was collected and placed in a MiteGen MicroRT tube, then frozen in liquid nitrogen. N-methylimidazole (2 eq.) was then added, and ten minutes later another sample collected and frozen in liquid N 2 . After 6 hours of stirring, the solution turned from dark red to green signifying depletion of the benzyl alcohol substrate. A final sample was collected and frozen in liquid N 2 .
X-ray Spectroscopy:
High energy resolution fluorescence detected X-ray absorption spectra (HERFD-XAS) were collected at the C1 beamline of the Cornell High Energy Synchrotron Source (CHESS) under ring conditions of 5 GeV and 200 mA. Incident X-rays were monochromated using a double Si(111) crystal monochromator. Incident energy was calibrated using Cu foil downstream of the samples as an internal standard. The first inflection point of the Cu foil scan was set to 8980.3 eV. X-ray emission was monochromated using a set of five spherically bent Si crystals (444 reflection) maintained in a Rowland circle geometry with a Pilatus Area Detector. 9 He filled plastic bags were positioned in the beam flight path to minimize X-ray fluorescence attenuation. HERFD-XAS was collected with the X-ray emission detector positioned at the Kα 1 maximum. Data were collected from 8850 to 9200 eV. A step size of 5 eV was used from 8850 to 8965 eV and from 9010 to 9200 eV. Higher point density data (0.15 eV) were collected from 8965 to 9010 eV.
Experimental spectra were averaged and normalized using PyMCA. For normalization, the postedge region (E > 9000 eV) was set to an absorbance of 1.0. Peaks were fit to the experimental spectra using the BlueprintXAS Matlab software package.
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DFT Calculations:
DFT calculations were performed using the ORCA 3.0 software package. 11 All spectra were calculated from geometry optimized coordinates. Optimizations were carried out with the BP86 functional, 12, 13 zeroth order regular approximation (ZORA) for relativistic effects, 14, 15 and the scalar-relativistically recontracted def2-TZVP(-f) basis set. 16, 17 Solvation was modeled using the conductor like screening model (COSMO). 18 XAS spectra were calculated using a previously described TD-DFT protocol. 19 Spectral predictions employed the B3LYP functional. 20 The CP(PPP) basis set was used for Cu with an integration accuracy of 7. The def2-TZVP-ZORA basis set was used for all other atoms. Solvation was again modeled using COSMO dielectric. . Plot of experimental HERFD Cu K-edge XAS pre-and rising-edge peak areas vs TD-DFT (B3LYP/def2-TZVP-ZORA) calculated peak areas. The black line (R 2 = 0.51) corresponds to the global fit, while the red line (R 2 = 0.69) represents a fit solely to pre-edge features. The poor correlation between calculated and experimental rising-edge peak areas can partially be attributed to substantial correlation between amplitude and linewidth parameters used for rising edge features and the edge jump. Further errors arise due to the inability of TD-DFT to model shakedown transitions and near-edge X-ray scattering. 
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